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1. Laser Techology

A. Abstracts

Golodenko, N. N., and V. M. Kuz'michev.

Thermal processes in metals irradiated by

high-power pulsed lasers. TVT, no. 5,
1972, 1126-1129.

A brief theoretical treatment is given of thermal conductivity
parameters in the impact zone of a laser-irradiaied metal target. The case
is idealized to an unbounded plane target surface, subject(;d to constant
energy density laser pulses., The actual effect of finite beam diameter and
resultant outflow of heat along the target surface can be neglected as long as
pulse length 7 << rOZ/a, where r = beam radius at impact and a = thermal
conductivity coefficient; this applies in the assumed model of a Cu target and
an vnfocused laser pulse of the order of lps or less. Laser energy absorption

in the vapor products for this model is shown to be less than 1% and can also

be neglected.

Surface heating parameters as functions of 7, energy density aud
vapor layer depth are presented graphically, based on the analytical expressioas
derived by the authors. Fig. 1 shows the fraction of energy incident on the
metal surface with varying pulse shape, width and density, Fig. 2 gives depth

of evaporated layer vs. pulse parameters. Fig. 3 and 4 show surface heating

e o

dynamics, and Fig. 5 compares absorbed power density to density at the metal
surface. The latter solution illustrates the appreciable difference between

the characteristics of total delivered and actual surface power densities,
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Fig. 1. Fraction of energy 4 incident on metal
surface vs. energy density and 7. 1 - bell-shaped
pulse; 2 - rectangular pulse,
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Fig. 2. Depth of vapor layer vs v and
energy density. 1,2 - as in Fig. 1.
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Orlov, A. A., and P. I, Ulyakov. Development

of internal destruction in silica glasses and

polymers from laser radiation. ZhPMTF, no. 4,
1972, 138-145,

The role of light pulses in the process of internal destruction
was investigated on polymethylmethacrylate (PMMA) and type K-8 and F-5
silica glass, using a laser (A = 10.6 ) operating in a spike mode. The specimen
length was 20-30 mm. The pulse-averaged threshold enex"gy density <e >
was ~15 joule/crnz. The process of destruction was recorded on film, and
the energy E* passing through the specimen at the initial stage of the process
was also recorded. Experimental points of the dependence t on q = E /t 'S,
where S is the area of the focused spot appear to contradict the previous
assumption that the destruction process is determined solely by the amount
of absorbed energy independent of flux density. The correspondmg hyperbolic
dependence ty = <€ >/q is lower by at least one order than the t values obtained
experimentally. The research is based on recent studies of the kinetics of
destruction processes in PMMA polymers showing that a high-temperature cavity
center is formed in the material, at the initial stage filled with products of
evaporation and decomposition of the polymer. Radiation absorption in the
center raises the internal pressure, which leads to increased stresses and to
crack formation. The authors derived a model and established a relationship
between the total irradiation time preceding destruction, t*, and the average
power density q*. Results of calculations {or PMMA using a given formula

agree satisfactorily with experimental data.

The destruction process in glass differed substantially from
that in PMMA. At a time intervalt {rom the onset of irradiation, an extended,
brightly illuminated zone was formed in the foca.l region in a direction toward
the beam. Since the experimental curves ¢ (q ) fall below the hyperbolic
dependence t = <eo>/q, it follows that glass destruction sets in before the 1
threshold energy density <e o = is reached. This density is averaged over the
total pulse duration. The wide sprcad of poiats on the given graphs is due to

strong variations in the local glass strength. The authors use a damage center

model in glass at fluxes less than 1010“'/Cn12 to analyze the micro-flaws formed

(Y
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nwing to light absorption. These flaws are the result of electron photo-

impact ionization when an increace of concentration n_ leads to a slight
nonlinear ahsorption increase and increased temperature and vaporization o
of material. Subsequent rapid increases of temperature and pressure in the
center cause the destruction of the adjacent material. The center formation
relationship for t* (q*) was obtained, which adequately describes the

experimental graphs.

Stoyanova, I. G., A. A, Timofeyev, A. V. Antipova,
G. G. Levadnyy, and A, N. Zelyanina, Electron

microscopic study of pore formation in thin resistive

films from coherent radiation. IAN Fiz, no. 9, 1972,
1937-1944.

Structural changes in films from pore formation under high-
intensity ultraviolet radiation are studied, including the effects of powerful

coherent radiation and the pulse count on the processing of thin resistive films,

8

A pulsed nitrogen laser (A = 337 ?&; pulse power - to 104 w; pulsc duration - 10°
sec; and pulse repetition rate - to 150 Hz) was used. These paranieters
minimized post-pulse effects while permitting a pulse density up to 109 w/cm2
at spot center. Cermet (Cr-SiO) or type MLT-3M metal (Cr-Si-Fe-W) thin
film specimens were used which absorbed up to 30-40 percent of incident u-v
energy. Electron optical analysis results reported eailier by the authors
(Sbornik, Ispol'zovaniye opticheskikh kvantovykh generatov v sovremennoy
tekhnike, Part 1, Leningrad, 1971, 14) show that tnin resistive films irradiated

by laser beams undergo structural changes and an area with a modified structure

is formed on the boundary where vaporization occurs. The first pulse caused




the material to melt and recrystallize in the irradiated zone, the second pulse
induced vaporization in the zone exposed to the first pﬁlse. Drops of melted
material subsequently appeared accompanied by the formation of a pore of about
l'p in diameter (Fig. 1), At an increased pulse count of the same intensity

the pore expanded to a maximum diameter under the given conditions. Further
increases in pulses introduced no significant variation in the irradiation pattern,
At low radiation intensities,using single pulses and narrowly-focused laser
beams it is possible to generate smaller diameter pores. Laser ultraviolet
processing of thin resistive films produces ly. pores when d/1 ratio

(hole diameter to the modified structure zone width) is about 10,

At very high radiation intensities the full process may be complete
using a single pulse, yielding a modified structure zone width smaller than the
hole diameter. The d/1 ratio may reach 100. Structural failure of materials in th
irradiation zone is minimal, with no large-size crystal formation. The material
is finely separated and the particle size is similar to the initial form of the

material. At laige intensities, the hole diameter is no larger than the focused

beam dianieter.
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Fig. 1. Electron-microscopic image of a 100 3, thick resistive
film under the impact of a single pulse (a) and two pulses (b)

of equal intensity W. The crystal size of the specimen illustrated
in Fig. 1lis maximuin on the boundary of the processed area and
may amount to 400 A, Crystal compositions were Cr, Cr,03

and SiO. -5




Golubets, V. M., M. I. Moysa, Yu. I.. Babey,
and G. V. Plyatsko. Effect of laser processing

on part wear in an abrasive-oily medium,
F-KhMM, no. 4, 1972, 114-115,

Studies on the effects of processing of steel and cast-iron
specimens by a laser beam for wear in an abrasive-oily medium are presented.
A neodymium laser beam, with an energy of 70 joules at a pulse duration of
about 4 milliseconds, 1.5 pulses per minute, was focuSed.on an area about
3.5 mm in diameter. The experiments showed that acute changes of the structur
and of the physicomechanical properties of the metal take place in the surface
layers of the specimens. In the treated areas a white layer originates which,
after polishing of the specimens, measured 1, 000 microns thick for 40 Kh
steel in a hardened and low-tempered state, 420 microns for 40 Kh steel in a
normalized state, and 440 microns in high-strength cast iron. The micro-
hardness of the white layer is about three times greater than that of steel after
normalization, more than twice as great as that of high-strength cast iron,
and about 16% greater than that of the martensite of hardened steel. Tests
showed that laser processing which brings about the indicated surface layer
ch.;mges increases the wear resistance of friction pairs in an abrasive medium.
Wear of 40 Kh steel in a normalized state with the white layer decreased by
a factor of about 3 in comparison to a polisued surface without the white layer,
and for hardened and low-tempered 40 Kh steel the wear decreased correspondin;

by a factor of about 2, as did also wear of high-strength cast iron.




Akulenok, Ye. M., Yu. K. Danileyko, A. A.
Manenkov, V. S. Nechitaylo, A. D. Piskun,

and V. Ya., Khaimov~-Mal'kov. Mechanism of

laser beam damage of ruby crystals. ZhETI:-'" P,
v. 16, no. 6, 1972, 336-339,

This is a study of the effects of various admixtures upon the
internal destruction threshold of ruby and sapphire crystals, grown by the
Verneuil method and doped with titanium, vanadium, iron,' cobalt, nickel
or magnesium in concentrations ranging from 10"3 to 10"4 percent. Depending
on the conditions of growth and on the subsequent heating of crystals, these
dopants can change valence and form extraieous phase inclusions. The
valence state of these dopants which are isomorphs in the lattice was determined
in several ways: a) optical absorption and luminescence spectra; b) ultra-
microscopy in scattered light to determine the presence of extraneous inclusions,
a method which established the particle size at a 2 3x10"6 cm; c) microscopic
x~-ray phase analysis of emerging particles, Investigations have also shown
that valence conversions of dopants and extraneous phase precipitation are
fully reversible when the annealing atmosphere is changed. Table I shows the
results of measurcments under the impact of ruby laser emission with giant
pulses (T = 40 nanoscc) and under multimode conditions, indicating the

10

relative destruction threshold Pd of the doped specimens; P% ¥ 2x10 wa.tt/cm2

d
is the threshold of internal destruction for a control specimen containing no

dopants. The results are equally applicable to ruby and sapphire crystals.

Table I. Relative damage threshold Pd/Pg for doped sapphire.

Dnpant
Anneal
atmosphere

Oxygen

Vacuum




Analysis of the results shows that in cases when new phases appear in the
sapphire crystals a drastic reduction (up to 50 times) of internal destruction
thresholds is observed. Where there are no foreign inclusions, all ruby

and sapphire specimens show no substantial difference in Pd values,
irrespective of the type of dopants added or of their valence states. This is

due to the presence of uncontrollable inclusicns of the extraneous phase;
noticeable Rayleigh scattering, measured by the authors, attests to the presence
of such phases. It is concluded that the mechanism of destruction of real
crystals is evidently related to the presence of absorbing .inclusions, an

observation which thus far has remained unnoticed in the literature.

Norinskiy, L. V. Investigation of optically

triggered controlled electric breakdown in gas.

Sixth All-Union Conference on Linear Optics,
Minsk, 1972. (Preprint)

The mechanism of controlled electrical breakdown, triggered by
collimated intensive ultravioiet radiation with 3.5 ev quantum energy in air,
was experimentally investigated. Two possible triggering mechanisms are
assumed., Results of experiments arc given in which the effect of different
fields (high-frequency, optical, pulsing and c-w) was separated into time
intervals, to obtain a more accurate picture of the mechanism. It is demonstratc
that controlled breakdown occurs from the simultaneous effects of electrical
and optical fields when their pulses overlap in time. This suggests the

existence of a triple electron-photon-atom interacting mechanism for ionizing

gas molecules,




e

Alekseyev, V. A., A. Ya. Balagurov, N. P.
Kozlov, L. V. Leskov, Yu. S, Protasov, and

V. L. Khvesyuk. Plasma focus as a source of

laser pumping. Sixth All-Union Conference on

Nonlinear Optics, Minsk, 1972 (Preprint),

It 15 reported that under certain conditions, pulsed erosion-type
plasma accelerators, operating continuously with metal and dielectric plasma,
can produce stable quasi-stationary self-burning plasma fluxes with a velocity

18 -3
cm

of ~107 cm/sec, temperature of 5 ev, and particle concentration ~5x10
in a vacuum of ~10 "~ torr pressure. Tests are described in which the size

and dynamics of the compressed zone were determined by ultrahighspeed and
shadow photography. Some 0.8 cm away from the electrode section the flux

jet was first compressed to 0.5 cm over a distance of 4 cm, and then dispersed
with an apex angle of~25°, The focus interval is 10 to 100 microsec; luminous
flux rise time is 4 to 10 microsec. Investigétion of particle density shows that
the degree of flux compression reaches 100; 80% of the plasma passes through

the focus zone. The plasma spectrum was investigated over the 2000-6000 A rang
In addition to a broadened line spectrum there were considerable portions of

continuous spectrum.

Electron temperature, determined from relative intensities, was
about 3.5 ev. Investigation of the time dependence of temperature with respect
to self-reversal of spectral lines shows that at the moment of maximum
compression the temperature reaches ~5 ev, Radiant energy in the region of
50-2000 A was measured by three-layer bismuth bolometers with a resolving
time of 1 microsec, placed inside and outside the accelerators, In the region
above 2000 A (black bolometer) the recorded radiant energy showed a 20-259,
increase. The portion below 1180 A amounted to ~45% of the total energy of
radiation. The presence of a hard component of radiation (under 100 A) was
detected, recorded by a photosensor with absorbing foils. When operating with
metal plasma, the radiant cnergy increases 40-50% as compared to a fluorine -

carbon plasma. In this mode the radiant energy amounts to 4-16% of energy

stored in condensers,




The experiment verifies that self-focusing of a plasma jet and

the high radiant energy limit permit it to be used for generating light flashes
of short duration with an increased yield of ultraviolet radiation and higher
energy, for optical pumping of active laser media, e.g. in pulsed photolysis,
etc. Proper selection of the working medium and accelerator parameters for
the generation of focused light flashes makes it possible to obtain flashes of
desired duration, pulse shape, and the proper size and spectral distribution
of luminous energy. A plasma focus was used in this way to obtain laser
emission from an alcohol solution of rhodamine 6 G, The ID of the working
cell was 3 mm, its length - 90 mm. An aqueous solution of sodium acetate
was used for filtering. The resonator was fgrmed by external flat mirrors
with reflection coefficients of 99 and 60%. An emission energy of 0,22 j and

radiation intensity of 0.15 milliwatt was achieved,

Aglitskiy, E. V., N. G. Basov, V. A. Boyko,
V. A. Gribkov, S. A. Zakharov, O. N. Krokhin,

and G. V., Sklizkov., Determination of electron

density, velocity and gas-dynamic pressure in
laser plasma. 10th Int. Conf. Phenomena Ioniz.
Gases, Oxford, 1971. Contrib, pap. Oxford,

1971, 229.(RZhMekh, 8/72, no. 83198)(Translation)

An experimental determination is made of the electron

concentration Ne’ the expansion velocity, and the gas dynamic pressure in the

e

dense hot region of plasma formed by the laser irradiation of a carbon target.
The profile of N_is determined on the basis of measurement of the Stark
(J

spectral line bro’adening of hydrogen-like ions, and the time evolution of this

profile is determined by means of a high-speed interferometric procedure.
The expansion velocity V of the plasma was evaluated on the basis of time
scanning of the spectral lines (in the visible spectrum region), and on the basis
of the Doppler shift of the resonance-absorption lines which takes place in the

expanding (colder) plasma shell. The measured values of Ne and V make it

-10-
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possible to determine the time evolution of the gas-dynamic pressure p of
plasma in the hot region, An interesting feature is the nonmonotonic time‘
change of p. The presence of the peak of p is linked to the shielding of

laser radiation by peripheral regions of the plasma, and makes it possible
to explain the presence, noted by other authors, of a temperature peak at

the initial stage of laser heating,

Zaroslov, D. Yu., Ye., K. Karlova, N, V,
Karlov, G. P, Kuz'min, and A. M. Prokhorov.
Plasma jet CO2 laser, ZhETF P, v. 15, no. 11,
1972, 665-668.

Plasmatron excitation of a CO, laser is reported for the first
time; it was accomplished by injecting plasma jets, formed in capillary
plasmatrons, into the operating volume of the laser. The experiment was
carried out in a laser system with transverse excitation; the split cathodes
of the system were replaced with a row of 25 capillary plasmatrons with
simultaneous injection of plasma flares into the laser. Each capillary was
5 mm long, 1 mm in diameter and spaced 1 cm apart. A mixture of CO, +
N2 + He with the ratio of components being 1:2:3, respectively, was tested at 1
a pressure of 30 torr. A voltage of up to 10 kv was supplied to the discharge j
gap of the working volume, the gap being 2 cm in length. Intensive generation
was produced when voltage was applied simultaneously to capillaries and
electrodes. Generation energy reached 0.1 joule. The generated pulse had

an intensive spike at the leading edge with 0.1 microsec duration. :

Dependence of generation cnergy on electrode voltage is shown

in Fig. 1, where U1 is voltage on the capillary, U2 - on the electrodes of the

iRl

working volume.

B =




g, rel. unitc

l'_,
4
[
.

e e L
g “ D% kv

r'ig. 1. Relative emission energy

vs, electrode voltage. 1 - G,=0; i
2-U2=1kv;3-U2=2kv; 4 - :
U2 = "2.5 kv, |

Under optimal conditions the voltage on the electrodes was

2 kv; this is not enough to obtain a gas breakdown in the working volume of

the laser and to produce a generation in the absence of plasma jets in the

] volume. A marked increase in generation energy occurs only as a result of
the joint effect of plasma jets and of the accelerated voltage in the working
volume, i.e. when the pulses exciting the working volume and the capillaries

are carefully synchronized. Increased energy input into the capillaries also

AP TP s

permits operation at higher pressures.
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Bykovskiy, Yu. A., N. M. Vasil'yev, N. N,
Degtyarenko, V. F. Yelesin, I. D. Laptev and
V. N. Nevolin. Form cf the ion energy spectrum
in a laser plasma, ZhETF P, v. 15, no. 6, 1972,
308-311.

A laser plasma consisting of two components, one of singly-
charged ions and the other from multi-charged ions, was studied. Particular
attention was paid to the energetic distribution of ions of }{ydrogen and
zirconium (zirconium hydride) and deuterium and lithium (LiD) at different
flux densities q. Fig. 1. shows results obtai‘ned for a ZrH target. H'and D'

ions were found to have one and the same maximum,. Its position does not

depend on the q value, and occurs at 100£ 10 ev.

¥

Ca &l ol D, py

Fig. 1. Ion energy spectrum from laser-irradiated
ZrH target.




e

The following relationships were measured: a) Emax = {(q) for
ions of hydrogen, deuterium, lithium, and zirconium. The relationship can be
described by Ema,x~ qy; with this expression the value of v for H and D is
0.25 + 0.03, whereas for Li and Zr,y = 0.52 = 0,05, Here Emax is the
maximum kinetic encergy of ions accelerated by a self-consistent electrostatic
field formed at the periphery of the bunch. b) Dependence of the number of
recorded ions ¥ on the q value. This dependence is expressed in the form of
Z~qa; for D the a value = 0.8 £ 0.1, and for Lia =1.1#* 0.1, The established
relations depend strongly on Z ax and only slightly on the ion mass, which
serves as evidence for the effect of the electrostatic field in plasma on the

scattering of recorded ion particles.

The relation of maximum velocities of ions of all elements
comprising the target was also studied. It was shown that H' and D' ions over-
take the ions of the heavier elements bearing the same charge. Hence at q ¥

1011 watt/cmz,

H /1

g e . fy : ; : .
Vmax  Ymax & b1 [zmﬂx (Zr} . bl Vinax © vnl{alx ~ I Z max (Li) 3],

Estimates of the absolute number of plasma-emitted ions show that at q = 1011

watt/cmz, Nemitzlou particles; at this value of q the number of vaporized

atoms N ¥ 1016. The ratio of accelerated ions to the total number of ions, i.e,
acc/NtotE‘ 10"4 7 10-5. Consequently, in later stages of plasma dispcrsion

only accelerated ions are registered, while the main portion of ions moves along

withthermal velocities and is subject to recombination.

Rysakov, V. M., and V. 1. Korotkov. Study
of the intensity of stimulated Brillouin scattering

in glass. FTT, no. 7, 1972, 1896-1900,

The intensity of stirnulated Brillouin scattering in glass was ]

investigated using a ruby laser (Fig. 1). The single-stage laser was Q-switched

e

by a revolving prism and operated in axial or transverse modes at a power of 5 M

-14-
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3 Fig. 1., Experimental block diagram,

1 - ruby laser, 2, 3, 4 - light dividers,
5, 6 - calibrated attenuators, 7 - lens,
8 - specimen, 9, 10 - photomultipliers,
11 - Fabry-Perot interferometer,

12 - long -focus objective camera, 13 -
delay line; 14 - scope.

pulse duration of 70 nsec; and a bandwidth of ~0. 02 crn-l . The specimens were
fused quartz, standard K-8 glass, and plexiglas. The intensity of tne exciting
£ beam I0 was varied by calibrated neutral filters. Signals were recorded
photoelectrically by an apparatus which accurately registered the stimulated
Brillouin scattering component power variations, Power relations of the
scattering components were determined as functions of excitation power

(Fig. 2), lens focal length,and beam dispersion. Measured amplification
factor g for the specimens were: (1.1 % 0.4)x102, (1.1 0.4)x102 and

(1.5 0.6)x102 cm/Mw for quartz, K-8 and plexiglas, respectively. The
experimental g value for quartz glass was similar to the calculated value,
confirming the theory of stimulated Brillouin scattering developed by Kroll

and Tang. The self-focusing effect on the amplification coefficient of
stimulated Brillouin scattering due to electrcstriction is discussed. The
estimated hypersonic attenuation coefficients were ~400 in K-8 and ~2100 cm-l

in plexiglas.

——
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a. Power relationship of stimulated Brillouin
scattering components to excitation power
(relative units); 1 - quartz glass, 9 = 6x10-4,
F=9cm;2 5-K-8 8=5x10"% F=5cm;

3 -K-8, 8=7x10"1, F - 22 ¢m; 4 - plexiglas,
9 =5x10"4, F =5 cm).

b. Approximate beam cross-section near the
lens focus, used {or the calculations,
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Askar'yan, G. A., Kh. A, Diyanov, and A,
Mukhamadzhanov. Eliminating self-collapse

of a high power beam in a nonlinear medium by

means of a grid - a multiple waveguide propagation

of energy. Diffraction grating in a nonlinear medium.
ZhETF P, v. 16, no. 4, 1972, 211-215,

Experiments are described which show that it is possible to
eliminate sclf-focusing of a high power beam in a nonlinear medium by
interposing a fine-mesh grid, which gives the effect of multiple waveguide
propagation. A Q-switched Nd glass laser was used with 100 w pulse power,
passed through a vessel filled with nitrobenzene which had a nominal self-
focus threshold Pthr = 100 kw for a 2 mm diamete: incident beam, The
nomimal self-focus point was observed by sparks in the liquid at points of maximu
energy density, which in the absence of the grid occurred at a beam penetration
of 3 cm into the liquid. By interposing a grid with 1. 5--3x10“2 cm mesh and
50-60% transmissibility between the laser source and the vessel input face,
the distance to the sparking point could be increcased to 26 c¢cm; in this case
sparking could be observed over the entire beam cross-section. Analysis of
the effect shows that both transverse energy gradients and angles of divergence

arec determinants in self-focusing.

The article goes on to examine the problem of diffraction
scattering in a nonlinear medium. For a given radial distribution of energy densi
it is possible to select a grid mesh such that cach element receives energy
close to threshold; at the same time the transverse gradient of the sub-beam
would be weakened by diffraction, hence its scattering and deflection would ’a,lso 1

decrease.

=) 7=




Splitting of the beam by the cited grid method for preventing

its collapse has advantages over other methods, such as increasing beam
divergence by means of a lens. The latter method, because of small
gradient of angular spacing of sub-beams, cannot prevent a collapse whenever

the beam power is above the threshold value.

Andriyakhin, V. M., Ye. P. Velikhov, V. V.
Vasil'tsov, S. S. Krasil'nikov, V. D. Pis'mennyy,
I. V. Novobrantsev, A. T. Rakhimov, A, N. Starostin,

and V, Ye. Khvostionov. High-pressure gas laser

with preionization by a reactor. ZhETF P, v. 15,
no. 11, 1972, 637-639,

Experimental combination excitation of a CO2 laser is described.
A nuclear reactor was used as a source of gas ionization; flux density of
thermal neutrons in the central channel ﬂ?_SXIO16 n/cmz/sec 1, pulse duration
¥ 1 millisec. The laser was in the form of a plastic cylindrical tube with an
inside diameter of 37 mm and a length of 550 mm; two dural electrodes
were placed in parallel in the tube with electrode surface S = 500x20 mm2 and

the spacing between surfaces 15 mm,

The tube was placed in the central reactor channel and charged wit i
a CO, + N2 i He3 mixture, The t;tal pressure of all components was 2.5 atm }
(CO2 -~ 0.8 atm; N2 - 0.7 atm; He” -1 atm). The high conductivity of the ,
interelectrode gap was caused by ionization losscs of charged products of nuclear 1
emission He (n, p)Hj + 0.8 Mev. Laser cnergy per pulse was about 1 joule.

An oscillogram of the discharge current during the reactor operation is shown

in Fig. 1.
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Fig. 1. Current pulse form.

Peak prior to t_omitted because
o)

of scope dead time.

Theoretical estimates for the conductivity o of the gas discharge
plasma were made; the value obtained was & le9 CGSE units, This value was
derived from the balance of electrons genera‘ted in gas during proton
retardation. The authors conclude that their estimates agree satisfactorily with
the experimental time dependence of the current, and accurately reflect the

spatial character of discharge combustion during generation. Generation

occurred during the heating of gas, the duration of which was Ml w/aEZ, and

was on the order of several microseconds, where wis the specific enthalpy.
This period i. larger than Tp = L/R, where L is the inductance of the electric

circuit and R is the active resistance of the gas-discharge gap.
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Beam Target Effects
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alloying of type R-18 steel surfaces by laser beam. FiKhOM, no. 6,

1972, 22-26.

Fonkich, M. Ye., I. S. Lutsik, B. T. Piven', and M. V. Sidenko.

Effect of longwave laser irradiation on latent images. ZhNiPFiK,

no. 6, 1972, 465-467, )

Golodenko, N. N., and V. M. Kuz'michev. Pulsed laser heating

and vaporization of metals. Radiotekhnika, Khar'khov, no. 23,

1972, 139-142.

Rykalin, N. N., A. A. Uglov, and A. N. Kokora. Effect of laser
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52/72, no. 174215)
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Beam-Plasma Interaction

Granatkin, B. V., A, I. Isakov, and A. A. Tikhomirov.

Scintillation counter for fast neutrons generated in a laser plasma.

KSpF, no. 6, 1972, 62-68,

Kaliski. S. Some averaged properties of wave solutions for a

hypersonic thermal wave. Bulletin de 1'Academie Polonaise des

Sciences, Serie des sciences techniques, no. 9, 1972, 297(641)-
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Rayzer, Yu. P. Discharge propagation and maintenance of plasma

density using electromagnetic fields. UFN, v. 108, no. 3, 1972,

429-463,
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2. Effects of Strong Explosions

A. Abstracts

Molodtsov, V. K., and A. N. Tolstykh.

Calculation of hypersonic viscous flow around

blunt bodies. IN: Trudy Sektsii po chislovym

metodam v gazovoy, dinamike 2-go Mezhdunarodnogo
kollokviuma po gazodinamike vzryva i
reagiruyushchikh sistem, v. 1, 1969, Moskva,

1971, 37-54. (RZhRaketostroyeniye, 4/72, no.
4,41,153) (Translation)

In studying the aerodynamic characteristics of blunt bodies in

a stream of low-density gas, when the forces of viscosity become significant,

numerical integration of the Navier-Stokes equations becomes necessary.

Results are presented from a study of supersonic viscous gas flow around the

spherical nose portion of blunt bodies.

Bezmenov, V., Ya., and P, 1. Gorenbukh,

Application of an unstable analogy to the

study of the effects of an explosion wave on

a barrier in a hypersonic tube. IN: Uchenyye
zapiski TsAGI, v. 2, no., 6, 1971, 48-54,
(RZhRaketostroyeniye, 4/72, no. 4.41.157)

(Translation)

A method is described for applying the explosive analogy of
hypersonic gas flow around blunt bodies in an experimental investigation of
the effects of a strong explosion shockwave on a flat barrier. The effects
are modelled based on the behavior of a shockwave departing from the nose
of a flat blunt body onto a flat plate. The results are presented of pressure
distribution measurements along the plate beyond an incident shockwave,
generated in a helium hypersonic wind tunnel. The plate is set both at a zero
angle of attack (nonmoving barrier) and at an angle of attack corresponding
to the barrier motion Vw = 0.25, The experimental results are compared

with calculated data.




G

Martynyuk, M. M., O. G. Panteleychuk,
and V., I. Tsapkov. Melting of metallic

wires by powerful current pulses. ZhPMTF,
no, 4, 1972, 108-112.

Melting processes were investigated of Cu, Au, Cd, Zn,

Pb, Pt, and Ni wire specimens subjected to a pulsed current of 100-450 nsec
duration. Current and voltage oscillograms were obtained for all specimens
and melting intervals (tl’ tss t3) were fixed, as indicated in Fig. 1 for a Zn
specimen. Relative resistance R/R, (R, - initial specimen resistance at
25° C) and enthalpy H (relative to 25° C) of solid and liquid phase close to
melting temperature were then calculated by mathematical treatment of the
obtained oscillograms on a Minsk-22 computer. Table 1 shows specimen

parameters (r - radius, 1 - length at 25° C) and parameters of pulsed heating

N o

]

LA

Fig. 1. Current and voltage
oscillogram for Zn specimen,
t; - melting begins;

to - melting ends;

ty - destruction begins,

process al moments Y and t, (Fig. 1); and calculated results are given in
Table 2, Results for all metals except lead agree well with those of cited
works by other authors. It was shown that Pt, Ni, Au, and Cu wire specimens
started melting from the surface, after which the melting front moved radially

toward the axis at an average velocity of a few meters per second. For the



remaining metals, the interphase boundary moved in axial as well as radial
directions. A discussion is given on the superheating of solid metals
g required for maintaining a high-speed movement of the interphase boundary.

1 ¢} In the case of solid Fb, fusion was found to be possible at approximately

40° K above the melting temperature,

[ 4 Tablel
. 'O
Metal Yo MM | 1, mm “'MS S ' fi—1;' I, %a 'Pmby/g
'“/SP(‘
Cu 0.155 | 54 108 165 2,72 | 2.7 240 '
{ Au 0.5 | 50 198 240 5.75 | 4.4 260
Cd 0,255 | 54 70 90 12.8 265 350
7n 0.25 | 54 95 125 17 8.33 2.75 265
Pb 0.597 | 84 354 446 6.5 2.50 46
It 0.25 | 60 320 595 3,27 1.55 280
Ni 0.25 60 35 | 420 3.57 1.75 240
L) Tabhle 2
L A O 7N I N RN Rl
Metal| Purity pohm/| T IR w: (kjlg kj/g | kj/g
Cu 99,95 1.73 5.6 11,5 0,487 30 43.7 | 13.7
Au 99,95 2.29 5.4 12,0 0,450 29.0 41.8 | 12.8
cd 99,95 7.84 2.4 A2 | oolaes 8.7 15 6.3
7n 99.975 | 6. 10 2.8 376 | 0487 1.1 18,5 7.4
Ph 09,9995 21,22 2.4 238 | 008 9.6 14.5 4.9
Pt 99.93 | 1089 5.7 8.5 0.670 59 77 22
Ni 99.93 7.50 8.0 1.2 0.714 50 67 17

Rl/Ro’ H; - refer to su'id phase at time t

RZ/RO’ H, - refer to liquid phase at time t

v

2

TR TR

R e e
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Nayda, A. A., and V. K. Ovchinnikov,

Explosive loading effect on fiberglass-

reinforced cylindrical shells. PM, no. 9,
1972, 20-25.

The explosive load carrying capacity was calculated and tested
of cylindrical shells made of a glass fiber fabric impregnated with type FFE-70
binder and wound on a metallic mandrel. An acetylene-oxygen mixture in a
thin polyethylene envelope surrounding a shell was detonat‘ed. The shell and
the envelope were clamped at the ends so that shell axial stresses were
eliminated. Shell radial deformation was measured and recorded by
oscillograph at 20-27 atm. pulse pressures for (50-260)x10_6 sec loading
periods. Basically, only axisymmetric vibrations were recorded from L/R=
4 and R/h = 46 shells, where L, R, and h are length, radius, and thickness.
Tests of shells with the sarne LL/R but an R/h of 92, at increasing pulse
amplitude to fracture revealed (Table 1) that the cracking load K = qa/q*
increases when the pulse duration ts is decreased (q, is the critical static

pressure). Fractures, with many cracks along the generatrix,normally occurred

Table ]

|
= [ Remarks
; uSt‘\‘

K chnmrks
|

13,8 900 | 21,9 | Fracuure
23,6 | Fracture 170 | 27, B

16,1 170
18,0 170
20,0 ¥ 170
20,0 170




when axisymmetric vibrations were converted into flexural ones. Flexure
without fracture was observed in some tests. The problem of dynamic shell
behavior was accordingly expressed by two nonlinear differential equations in
terms of flexure W and the stress function @ A set of three differential
equations was also derived with allowance for:W, & the time constant of

the subcritical stress state development, and radial displacement periodicity,
These equations were used to calculate the load carrying capacity of shells with
R/h= 92,‘h =1 mm, 1, -’-14){1010 and 2.10x1010 n/m2 longitudi'nal and radial

Young moduli, and 0. 35x1010

2
n/m~ shear modulus. Calculated Kﬂ versus
ti/Ta,x data agreed satisfactorily with the experimental critical Kq data in

Table 1.

Ponomarev, P. V. Determining fatigue

failure limits for explosions and shocks.
IVUZ Gorn, no. 8, 1972, 64-67.

Formulas for calculating the dimension x j of the fatigue
region in rocks, the demolition work factor W of a blast wave, and the number
N of blast cycles necessary for rock demolition, are derived from equations
of energy and the Poynting vector balance. Thesc two equations describe the
total energy wave propagation in a rock. In the first approximation, the
dissipation function ¥, numerically cqua' to the energy absorbed in the unit

volume, is given by

Vol |y (0 i (1)

2
where I = €c is the Poynting vector, € is the energy density, and Ir = Gr/Or is

the mininum wave intensity for initiating demolition work W (0'r is the rock fatigue

limit). The equation of cnergy is reduced to

Ial oy 1)y 0.

(2)




Equation (2) is solved for I atn=1and 2. The formulas for X the
maximum distance at which demolition oce¢urs, are derived from the solutions

of (2). The formula for W per unit time
wee (I — L)y (3)

is derived from (1). A blast wave in the fatigue demolition region is approxi-
mated by a single sinusoid. In this approximation, the formulas for W = WIT

atn=1and 2 are derived from (3) and the respective solutions of (2). The

number N is determined from the equality Wsp = NW, which gives

(4)

where Y, = YT is the damping factor and T is the wave period. The Fig. |
plots of N versus X, the distance from the wave source, show that N increases
with an increase in X. At some distance X N =% and at X > X0 fatigue

demolition does not occur.

Fig. 1. Number of wave cycles versus 4
the distance from free surface: Yo = 10 7,
T=10"3sec, 1 -n=1, 2 -n=2,
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Zhdan, P. A., B. V. Mitrofanov, V, P,
Ivanov, V. N. Kolomiychuk, and S. S.

Batsanov. Manufacture of optical ceramics

by explosive molding of inorganic compound

powders. NM, no. 10, 1972, 1879-1880.

The effect of explosive molding on the transmissivity and
strength of polycrystalline LiF and NaF samples was studied experimentally,
to explore the feasibility of manufacturing optically transparent components
by this method. Powdered samples of varying particle size and purity
were compacted in metal containers and subjected to dynamic loading by
plane or cylindrical detonation waves. Detonation was initiated by a low-density
(1.1 g/cm3) RDX charge with a 35-100 m diam. or 50-500 g weight, resulting
in an unloading wave pressure drop rate within 4-11 psec. The initia! packing
density was ~85% of the container. At a detonation velocity of 6.2 km/sec,
pressure and temperature in the leading wave were calculated to be ~200 kbar
and 800° C for LiF and ~250 kbar and 1000° G for NaF. Compact cylindrical
samples of densities 99.4-99.6% and 99.8-99, 9% of the theoretical values
were obtained by single and double loadings, rcspectively. Of the twice-loaded

samples, only the spectral grade LiF sample displayed good transparency
(Fig. 1).

e

=
ey

==

=
"

2
ey

=

1

= | 1 1 i
a9 1200 2000 3000 000 s0n
A, em-?

Transmission —
3
T

Fig. 1. IR transmission curves of 1 mm thick,
spectral grade LiF samples after explosive
processing,l - 30-50 u, 2 - 10-15 3, and 3 - 30-
50 p, after two consecutive explosive moldings;
4 - original LiF single crystal.
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The singly-molded LiF samples, with a 3-5 M particle size and ~1. 29
impurities, exhibited the highest relative microhardness H and density,
presumably owing to impurities implantation into the crystal lattice. The
transmissivity and H of the explosion-molded samples decreased after

annealing at 100-600° C. The final H value for LiF samples annealed at

600° C was about the same as the H value for samples statically compacted

at room temperature and subsequently anncaled at 600° C. It was concluded that
relatively strong optical ceramics can be produced by explosive molding at

substantial savings in comparison with hot molding of ceramics.

Anisimov, S. I., and O. M. Spiner. Motion

of a ncar-ideal gas from a powecrful point

explosion. PMiM, no. 5, 1972, 935-938,

Two examples arc given to illustrate the strong dependence on
the selection of the equation of state of a self-similar solution to a powerful
point explosion problem. The first example ic a calculation of the adiabatic
motion of a near-perfect gas with an initial density P, such that bp <1, where b=
lim B(T) at a T well above the critical gas temperature. The gas heat capacity is
assumed to be constant. The virial expansion of the equation of state can be
limited to

g l'll’ I (l /.‘n)

(1)

The gas motion can therefore be described by the energy and adiabatic integrals

and a first order differential equation in sclf-similar variables V)= vt/r,

2.1/5

g M) = p/Po, and A = r (Po/Et ) » where E is the explosion energy. Within

the region r~r2 b{)o, where r, is the shock wavefront radius, the V (gs)

profile of the dimensionless velocity V (A) (where g = &g) is shown to be




g R
i iact e TR

DT e e

nonmonotonic in contrast to the monotonic V(g) profile for a perfect gas.

Near the symmetry center A = 0,

V(A ~ ;971 — ah¥0-D

(2)

a nonmonotonic function exists, while in a perfect gas

vy ~2/5y s ca BV EDI ) (3),

where a > QG ¢ > 0, and ¥ is the ratio of heat capacities at'p = 0. As the

imperfection parameter & = bpo (v - 1) approaches zero, (2) does not evolve
into (3).

.

In the second example, the nonperfect heat-conducting gas state

is described by the equation

pE o RTIL pl (D) +p*C(T) ] (4)

The self-similar model of a strong explosion in such a gas is a set of ordinary
differential equations. On the basis of these equations, dimensionless velocity,
density, and temperature values are formulated for the region near the _
symmetry center. These formulas show that as #— 0, the asymptotic expressions
for a near-perfect gas change to the corresponding expressions for a perfect
gas. A smooth transition from an imperfect heat-conducting gas to a perfect

gas is accordingly made, in contrast to adiabatic motion.
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